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ABSTRACT 
 
 
 
 
This study explains the process and the best parameters to dry sugarcane juice 
using laboratory scale spray dryer.  The raw sugarcane juice bought is filtered in the 
lab before the process of spray drying.  In this process various amount of 
maltodextrin is added to identify the best amount of maltodextrin that should be 
added in sugarcane juice.  Once the component of maltodextrin is determined, the 
variation in the temperature is done to find out the optimum temperature.  For the 
part of analytical experiment, solubility test is done using the lab scale centrifugal 
machine.  Solubility test is done on the various amount of matodextrin.  Calcium 
carbonate is used as the anti-caking agent to study the caking ability of the produced 
powder.  Sugarcane powder with the best conditions are done with anti-caking agent 
and stored in shelf for one month.  The final test done is the sensory evaluation.  In 
this evaluation students were randomly picked in the cafeteria.  They were given the 
reconstituted juice and the produced powder to evaluate.  The criteria being 
evaluated in this part are the appearance, flavor and the texture.  The students were 
asked to rank all this categories following the scale of 1 to 5.  From this evaluation 
the commercial value of produced sugarcane can be studied.  From this research, it 
was found that sugarcane juice can be powderised using the lab scale spray dryer.  
The suitable amount of maltodextrin 20% and the optimum temperature is at 170°C.  
Sugarcane juice with higher amount of maltodextrin has the highest solubility.  
Powder with the anti-caking agent can be stored longer then the powder produced 
without anti-caking agent.   This sugarcane powder has commercial values and can 
be marketed. 
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ABSTRAK 
 
 
 
 
Kajian yang dijalankan adalah untuk mengetahui cara dan parameter terbaik 
untuk menghasilkan serbuk tebu menggunakan alat pengering sembur yang terdapat 
di makmal.  Air tebu asli dibeli daripada kedai berdekatan dan ditapis di makmal 
sebelum proses menjadikan serbuk.  Dalam proses ini kuantiti maltodextrin 
dimanipulasikan untuk mendapatkan kuantiti terbaik yang patut ditambahkan dalam 
air tebu asli.  Setelah mengenal pasti kuantiti maltodextrin yang terbaik proses 
diteruskan untuk mengenal pasti suhu optimum.  Eksperiment dijalankan beberapa 
kali dengan suhu yang berbeza untuk dapatkan suhu yang terbaik.  Untuk bahagian 
analitikal takat penguraian serbuk dikaji.  Eksperimen ini dijalankan dengan 
menggunakan alat sentrifugal yang terdapat dalam makmal.  Eksperimen ini 
dijalankan bagi pelbagai kuantiti maltodextrin.  Satu lagi kajian mengenai kebolehan 
untuk disimpan lama dijalankan atas serbuk tebu yang didapati.  Dua serbuk tebu 
dihasilkan dengan menggunakan parameter terbaik yang dikenalpasti sebelum ini.  
Satu serbuk ditambahkan dengan kalsium karbonat sebagai agen untuk mengeklakan 
kepulan dalam serbuk.  Kedua-dua serbuk disimpan dalam bekas yang kedap udara 
selama sebulan untuk mangkaji sifat tahan lama.  Analisis terakhir dijalankan adalah 
ujian rasa.  Seramai 10 orang pelajar UMP dipilih secara rawak di kafeteria.  
Kesemua pelajar itu diberikan jus tebu yang dihasilakn melalui serbuk tebu yang 
dihasilkan.  Kriteria yang dianalisis dalam kajian ini adalah mengenai warna, saiz 
bentuk, rasa, kelikatan dan juga bahu serbuk dan jus yang dihasilkan.  Keputusan 
yang diterima digunakan untuk mengkaji ciri-ciri serbuk tebu untuk tujuan 
komersial.  Pada akhir kajian ini didapati 20% maltodextrin adalah kuantiti terbaik 
dan 170°C adalah suhu optimum untuk melakukan eksperimen ini.  Lebih banyak 
maltodextrin ditambah lebih tinggi takat penguraian serbuk tebu dan kalsium 
karbonat boleh memenjangkan jangka hayat serbuk tebu.  Serbuk tebu yang 
dihasilkan mempunyai nilai komersial yang tinggi dan produk ini boleh dipasarkan.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background of sugarcane 
 
 
Sugarcane or sugarcane (Saccharum) is a genus of 6 to 37 species (depending 
on taxonomic interpretation) Giant, thick, perennial grass (Saccharum officinarum; 
family Poaceae, or Gramineae), cultivated in tropical and subtropical regions 
worldwide for its sweet sap, a major source of sugar and molasses.[1]  The plant 
grows in clumps of solid stalks with regularly spaced nodes or joints, each with a bud 
that can be planted for commercial asexual propagation.  Graceful, sword-shaped 
leaves, similar to those of the corn plant, fold in a sheath around the stem. Mature 
canes may be 10 – 20 ft (3 – 6 m) tall and 1 – 3 in. (2.5 – 7.5 cm) in diameter. 
Molasses, the syrup remaining after sugar is crystallized out of the juice, is used in 
cooking, in making rum, and as feed for farm animals.  Residual cane fibre (bagasse) 
is burned as fuel or used as filler for paper and particleboard [1].  
 
 
Sugarcane originated in New Guinea where it has been known for thousands 
of years.  Sugarcane plants spread along human migration routes to Asia and the 
Indian subcontinent.  Here it cross-bred with some wild sugar cane relatives to 
produce the commercial sugar cane we know today [2].  Sugarcane is one of the 
plants which grow largely in Malaysia.  Malaysian weather is very much suitable for 
the growth of sugarcane plants.  The sugarcane contains 18-20 % soluble solids and 
is reported to impart health benefits to the consumers.  The juice obtained by 
crushing the canes, with its delicate aroma is a popular beverage with the consumers. 
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It can be an ideal replacement for synthetically flavored beverages or soft 
drinks.  Sugarcane juice contains a lot of nutrients namely vitamin B2 (riboflavin) 
which plays an essential role in maintaining health in humans and animals.  It is the 
central component of the cofactors FAD and FMN, and is therefore required by all 
flavoproteins.  Besides that sugarcane is also a good source of antioxidant [3]. 
 
 
 
 
1.1.1 External structure of the sugarcane plant 
 
 
1.1.1.1 Stalk 
 
 
The sugarcane plant consists of a number of unbranched stalks that store the 
sucrose.  The stalks are tall and slender, roughly circular in cross-section, and bear 
two rows of leaves.  The stalks are divided by the nodes, which are distinctive areas 
where the leaves are attached (one leave at each node) 
 
 
Situated within the root band is the bud.  There is usually one bud at each 
node.  The buds are situated at the alternate sides of the stem.  The bud is an 
embryonic shoot consisting of a small stem bearing miniature leaves, the outer one 
which is scales.  The size and shape of the buds as well as the form of the outer 
scales or flange vary considerably with variety. 
 
 
 
 
1.1.1.2 Leaf 
 
 
The leaves are arranged alternatively a single leaf arising from each node.  
They increase in size as the plant develops. Trash is formed when the leaf ages and 
dies.  
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1.1.1.3 Root System 
 
 
There are three main types of sugarcane root: sett roots shoot roots, and 
mature roots.  The sett roots develop from the primordial in the root band of the 
cutting.  The shoot roots develop from the root primordial on the lower nodes of 
young shoots.  The mature roots arise from root bands of shoots after the initial flash 
of shoot roots. 
 
 
 
Figure 1.1: Sugarcane 
 
 
The table below shows the top 10 sugarcane producing country in the world. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table1.1: Top 10 Sugarcane Producers – 2007 
 
 Country 1000 tons 
Brazil 588,025 (2008) 
India 232,300 
People's Republic of China 87,768 
Pakistan 47,244 
Mexico 45,195 
Thailand 43,665 
Colombia 39,849 
Australia 37,822 
Indonesia 29,505 
World Total 1,011,581 
Source:UN Food & Agriculture Organisation (FAO) 
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1.2  Problem statement 
 
 
It is a well known fact that sugarcanes are crushed to obtain the juice and it is 
a common practice in Malaysia to dispense this juice fresh either as such or with the 
addition of lime juice or fresh ginger extract in glasses by vendors to the consumers.  
The major problem encountered in this operation is lack of hygiene resulting in 
contamination of the juice with the heavy loads of micro-organisms which arises in 
the improper cleaning of sugarcanes and the handling of the finish product.  Raw 
sugarcane juice is a carbohydrate rich, low acid food and is therefore susceptible to 
the growth of yeasts, of spoilage bacteria and also pathogenic bacteria.  Pathogens 
such as Salmonnela, S.aureus and c.perfringents are able to grow and proliferate at a 
PH of more than 4.6.[4]  Contamination of raw juice by these bacteria can occur by 
the food handlers, by the equipment used or by environment in which it is prepared.  
Such freshly crushed juice cannot be preserved even for few hours since it is known 
to ferment very quickly.  The natural sweetness posses by sugarcane juice makes it 
easily changed into ethanol by bacterial activities.  This makes sugarcane juice hard 
to be stored.  Attempts have been made by many to develop processes for preserving 
the sugarcane juice in liquid form.  However there is no knowledge or information 
regarding its preparation as a powder.  There are few patents relating to the 
preparation of fruit juices in powder form but none of them are related to sugarcane.  
 
 
Another important issue related with sugarcane is, as we know it is one of the 
main sources of sugar beside beet, the problem with refined sugar is that it has gone 
through a lot chemical processes just to extract the sucrose substance leaving out all 
the other valuable nutrients.  The consumption of white sugar poses a lot of health 
risk from inflammation to degenerative diseases.[5]  Furthermore diabetic which is 
another sugar related disease is being one of the major chronic diseases in 
Malaysia.[6]  On the other hand, sugarcane juice is not fully commercialized in 
Malaysia.  Usually we can only find sugarcane juice on the roadside hawker stalls.  It 
is quite impossible to get clean fresh sugarcane drink.  There are no companies or 
manufacturers who are producing fresh sugarcane drinks.  Though sugarcane has a 
lot benefits to human diet, there is still no cutting edge technology which can help 
overcome this problem. 
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1.3  Objectives 
 
 
The objectives of the research are 
 
1) To produce sugarcane juice powder by using spray drier. 
2) To identify the best temperature to preserve the quality of sugarcane powder. 
3) To optimize the amount of maltodextrin in sugarcane powder. 
4) To identify the solubility of sugarcane powder. 
5) To study on the effect of anti-caking agent on the produced powder. 
6) To study the commercial value of produced sugarcane powder. 
 
 
 
 
1.4 Scope 
 
 
Survey shows very limited or almost no work on processing of sugarcane 
powder production.[7]  Insufficient engineering and lack of nutritional data for 
sugarcane processing creates a need to do more research and study on this field.  
Study on drying of sugarcane was, therefore, started in undergraduate research 
project.  In this study, amount of optimum temperature to preserve the quality of 
sugarcane powder, optimum amount of maltodextrin, solubility of the sugarcane 
powder, the effect of anti-caking agent and the commercial value of sugarcane 
powder is investigated.  At the end of this study a survey will be conducted among 
the students of University Malaysia Pahang randomly to know the commercial value 
of produced sugarcane powder.  In this survey the colour, texture, odor, size and taste 
will be analysed.  In brief the scope of the study is stated as below; 
 
 
1. Sugarcane used as the source of pure juice 
2. Maltodextrine used as the carrier agent 
3. Following qualities of sugarcane powder is measured; optimum temperature 
to preserve the best qualities of sugarcane powder, optimum amount of 
maltodextrin added in sugarcane powder, solubility, effect of anti-caking 
agent on produced powder, and sensory evaluation.  
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4. To increase shelf life of sugarcane powder. 
5. Produce instant sugarcane powder as formulated drinks. 
6. A consumer preference test to determine the quality of the sugarcane powder. 
7. Minimizing nutrient loss and preserving the taste in processing by determine 
the best temperature to spray dry. 
 
 
 
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1  Food preservation 
 
 
Food preservation is the process of treating and handling food to stop or 
greatly slow down spoilage caused or accelerated by micro-organisms.  Some 
methods, however, use benign bacteria, yeasts or fungi to add specific qualities and 
to preserve food, such as cheese and wine.  While maintaining or creating nutritional 
value, texture and flavour is important in preserving its value as food.[8]  This is 
culturally dependent, as what qualifies as food fit for humans in one culture may not 
qualify in another culture.   
 
 
Preservation usually involves preventing the growth of bacteria, fungi, and 
other micro-organisms, as well as retarding the oxidation of fats which cause 
rancidity.[9]  It also includes processes to inhibit natural ageing and decolorisation 
that can occur during food preparation such as the enzymatic browning reaction in 
apples which causes browning when apples are cut.  Some preservation methods 
require the food to be sealed after treatment to prevent recontamination with 
microbes; others, such as drying, allow food to be stored without any special 
containment for long periods. 
 
 
Common methods of applying these processes include drying, spray drying, 
freeze drying, freezing, vacuum-packing, canning, preserving in syrup, sugar 
crystallisation, food irradiation, and adding preservatives or inert gases such as 
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carbon dioxide.  Other methods that not only help to preserve food, but also add 
flavour, include pickling, salting, smoking, preserving in syrup or alcohol, sugar 
crystallisation and curing.  
 
 
 
 
2.2  Drying   
 
 
An operation in which a liquid, usually water, is removed from a wet solid in 
equipment termed dryers.  The use of heat to remove liquids distinguishes drying 
from mechanical dewatering methods such as centrifugation, decantation or 
sedimentation, and filtration, in which no change in phase from liquid to vapor is 
experienced.[10]  Drying is preferred to the term dehydration, which usually implies 
removal of water accompanied by a chemical change.  Drying is a widespread 
operation in the chemical process industries.  It is used for chemicals of all types, 
pharmaceuticals, biological materials, foods, detergents, wood, minerals, and 
industrial wastes. 
 
 
Drying processes may evaporate liquids at rates varying from only a few 
ounces per hour to 10 tons per hour in a single dryer.  Drying temperatures may be as 
high as 1400°F (760°C), or as low as −40°F (−40°C) in freeze drying.  Dryers range 
in size from small cabinets to spray dryers with steel towers 100 ft (30 m) high and 
30 ft (9 m) in diameter. [11]  The materials dried may be in the form of thin 
solutions, suspensions, slurries, pastes, granular materials, bulk objects, fibers, or 
sheets. Drying may be accomplished by convective heat transfer, by conduction from 
heated surfaces, by radiation, and by dielectric heating.  In general, the removal of 
moisture from liquids (that is, the drying of liquids) and the drying of gases are 
classified as distillation processes and adsorption processes, respectively, and they 
are performed in special equipment usually termed distillation columns (for liquids) 
and adsorbers (for gases and liquids). Gases also may be dried by compression. 
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2.2.1 Drying of solids 
 
 
In the drying of solids, the desirable end product is in solid form.  Thus, even 
though the solid is initially in solution, the problem of producing this solid in dry 
form is classed under this heading.  Final moisture contents of dry solids are usually 
less than 10%, and in many instances, less than 1%. 
 
 
The mechanism of the drying of solids is reasonably simple in concept.  
When drying is done with heated gases, in the most general case, a wet solid begins 
to dry as though the water were present alone without any solid, and hence 
evaporation proceeds as it would from a so-called free water surface, that is, as water 
standing in an open pan.  The period or stage of drying during this initial phase, 
therefore, is commonly referred to as the constant-rate period because evaporation 
occurs at a constant rate and is independent of the solid present.  The presence of any 
dissolved salts will cause the evaporation rate to be less than that of pure water.  
Nevertheless, this lower rate can still be constant during the first stages of 
drying.[12] 
 
 
A fundamental theory of drying depends on a knowledge of the forces 
governing the flow of liquids inside solids.  Attempts have been made to develop a 
general theory of drying on the basis that liquids move inside solids by a diffusional 
process.  However, this is not true in all cases.  In fact, only in a limited number of 
types of solids does true diffusion of liquids occur.  In most cases, the internal flow 
mechanism results from a combination of forces which may include capillarity, 
internal pressure gradients caused by shrinkage, a vapor-liquid flow sequence caused 
by temperature gradients, diffusion, and osmosis.  Because of the complexities of the 
internal flow mechanism, it has not been possible to evolve a generalized theory of 
drying applicable to all materials.  Only in the drying of certain bulk objects such as 
wood, ceramics, and soap has a significant understanding of the internal mechanism 
been gained which permits control of product quality[13]. 
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Most investigations of drying have been made from the so-called external 
viewpoint, wherein the effects of the external drying medium such as air velocity, 
humidity, temperature, and wet material shape and subdivision are studied with 
respect to their influence on the drying rate.  The results of such investigations are 
usually presented as drying rate curves, and the natures of these curves are used to 
interpret the drying mechanism. 
 
 
When materials are dried in contact with hot surfaces, termed indirect drying, 
the air humidity and air velocity may no longer be significant factors controlling the 
rate.  The “goodness” of the contact between the wet material and the heated 
surfaces, plus the surface temperature, will be controlling.  This may involve 
agitation of the wet material in some cases. 
 
 
Drying equipment for solids may be conveniently grouped into three classes 
on the basis of the method of transferring heat for evaporation.  The first class is 
termed direct dryers; the second class, indirect dryers; and the third class, radiant 
heat dryers.  Batch dryers are restricted to low capacities and long drying times.  
Most industrial drying operations are performed in continuous dryers.  The large 
numbers of different types of dryers reflect the efforts to handle the larger numbers 
of wet materials in ways which result in the most efficient contacting with the drying 
medium.  Thus, filter cakes, pastes, and similar materials, when preformed in small 
pieces, can be dried many times faster in continuous through-circulation dryers than 
in batch tray dryers. [14]  Similarly, materials which are sprayed to form small drops, 
as in spray drying, dry much faster than in through-circulation drying. 
 
 
 
 
2.2.2 Drying of gases 
 
 
The removal of 95–100% of the water vapor in air or other gases is frequently 
necessary. Gases having a dew point of −40°F (−40°C) are considered commercially 
dry.  The more important reasons for the removal of water vapor from air are 
comfort, as in air conditioning; control of the humidity of manufacturing 
